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FULL-SCALE CRASH TEST OF A CH-47C HELICOPTER 

Claude B. Castle 
Langley Research Center  

SUMMARY 

A f u l l - s c a l e  crash t e s t  o f  a large t roop /ca rgo  c a r r y i n g  CH-4°C h e l i c o p t e r  
was conducted a t  t h e  Langley impact  dynamics research f a c i l i t y .  The crash t e s t  
of t h i s  large h e l i c o p t e r  was performed as p a r t  o f  a j o i n t  U.S. Army-NASA h e l i -  
c o p t e r  t es t  program t o  p rov ide  dynamic s t r u c t u r a l  and seat r e sponse  d a t a .  The 
purpose of t h i s  paper is  t o  r e p o r t  on t h e  t e s t ,  t h e  p rocedures  employed, t h e  
i n s t r u m e n t a t i o n ,  a g e n e r a l  assessment  o f  t h e  r e s u l t i n g  damage, and t y p i c a l  l ev -  
e l s  o f  a c c e l e r a t i o n s  experienced d u r i n g  t h e  crash. Various energy-absorbing 
s e a t i n g  systems f o r  crew and t r o o p s  were i n s t a l l e d  and in s t rumen ted  t o  p rov ide  
data f o r  use i n  t h e  development o f  des ign  c r i t e r i a  f o r  f u t u r e  a i r c r a f t .  The 
crash c o n d i t i o n s  were s e l e c t e d  t o  s i m u l a t e  known c r a s h  c o n d i t i o n s  and are r e p r e -  
s e n t a t i v e  o f  t h e  9 5 t h - p e r c e n t i l e  a c c i d e n t  environment f o r  an  a u t o r o t a t i n g  
h e l i c o p t e r .  

V i sua l  examination o f  t h e  c ra shed  tes t  specimen i n d i c a t e d  irreparabie 
damage t o  many o f  t h e  s t r u c t u r a l  components. The h ighes t  a c c e l e r a t i o n s  were 
recorded by the  a c c e l e r o m e t e r s  l o c a t e d  on t h e  cab in  f l o o r  i n  t h e  a f t  s e c t i o n  o f  
t h e  h e l i c o p t e r ,  d i r e c t l y  above t h e  pr imary impact l o c a t i o n  and on t h e  f l o o r  o f  
t h e  c o c k p i t  above t h e  secondary impact l o c a t i o n ( s ) .  

I N T R O D U C T I O N  

The E u s t i s  D i r e c t o r a t e ,  U.S. Army A i r  Mob i l i t y  RAD Labora to ry ,  h a s  been 
a c t i v e l y  involved f o r  t h e  p a s t  s e v e r a l  y e a r s  i n  t h e  f u l l - s c a l e  t e s t i n g  o f  Army 
h e l i c o p t e r s  i n  a crash environment.  P r i o r  t o  t h i s  t e s t ,  38 tests had been 
performed by t h e  U.S. Army t o  s t u d y  s t r u c t u r a l  r e sponse ,  crash r e s i s t a n t  f u e l  
systems,  and energy-absorbing seat  d e s i g n s .  On March 6 ,  1975, t h e  39th test 
was conducted a t  t h e  Langley impact dynamics research f a c i l i t y .  The t e s t  vehi- 
c l e ,  a t roop /ca rgo  CH-47C h e l i c o p t e r ,  was t h e  l a r g e s t  f u l l - s c a l e  h e l i c o p t e r  
t e s t e d  by t h e  Army t o  date.  The j o i n t  U.S. Army and NASA crash t e s t  was con- 
ducted t o  p rov ide  dynamic response data o f  t h e  b a s i c  s t r u c t u r e  and t h e  s t ruc -  
t u r a l  components as well as  crash data on energy-absorbing t r o o p  and crew seats .  
Two o f  t h e  e ight  energy-absorbing seats  are d i s c u s s e d .  (For  a complete a n a l y s i s  
o f  t h e  energy-absorbing seat  program, c o n t a c t  t h e  E u s t i s  D i r e c t o r a t e ,  U.S. Army 
A i r  Mob i l i t y  R&D Labora to ry . )  Various expe r imen ta l  energy-absorbing s e a t i n g  
systems were i n s t a l l e d  and in s t rumen ted  t o  p rov ide  data  f o r  u s e  i n  t h e  develop- 
ment of des ign  c r i t e r i a  f o r  f u t u r e  aircraft  t o  improve occupant s u r v i v a b i l i t y  
by improving t h e  sea t  character is t ics .  The c r a s h  c o n d i t i o n s  were s e l e c t e d  t o  
s i m u l a t e  crash c o n d i t i o n s  which are r e p r e s e n t a t i v e  o f  t h e  9 5 t h - p e r c e n t i l e  acci- 
d e n t  environment. 



The pr imary r o l e  o f  NASA i n  t h e  program was t o  conduct t h e  crash test  and 
t o  r e c o r d  a p o r t i o n  o f  t h e  data.  
r e d u c t i o n .  
l y z e ,  and t o  p u b l i s h  t h e  data .  

N A S A  was a l s o  r e s p o n s i b l e  f o r  a l l  t h e  da ta  
The r o l e  o f  t h e  Army was t o  record a p o r t i o n  of t h e  da ta ,  t o  ana- 

The purpose o f  t h i s  pape r  i s  t o  document t h e  t e s t ,  t h e  test p rocedures ,  
t h e  i n s t r u m e n t a t i o n  employed, and assess g e n e r a l l y  t h e  r e s u l t i n g  damage and 
l e v e l s  o f  a c c e l e r a t i o n s  experienced d u r i n g  t h e  crash.  A f i l m  supplement 
(L-1211) i s  a v a i l a b l e  on t h e  CH-47C crash tes t .  
pape r  - 1 

(See r e q u e s t  card a t  back of 

TEST FACILITY 

The CH-47C h e l i c o p t e r  crash test was performed a t  t h e  Langley impact dynam- 
i c s  research f a c i l i t y  shown i n  f i g u r e  1 and desc r ibed  i n  r e f e r e n c e  1 .  The bas ic  
s t r u c t u r e  o f  t h e  f a c i l i t y  is  t h e  g a n t r y  which is  73 m (420 f t )  h igh  and 122.m 
(400 f t )  long .  It i s  suppor t ed  by three sets  o f  i n c l i n e d  legs  sp read  81 m 
(267 f t )  apart  a t  t h e  ground l e v e l  and 20 m (67  f t )  apar t  a t  t h e  66-m (218- f t )  
l e v e l .  There are two i n c l i n e d  legs  a t  one end o f  t h e  g a n t r y  f o r  l o n g i t u d i n a l  
s u p p o r t .  A movable br idge  spans  t h e  g a n t r y  a t  t h e  66-m (218- f t )  l e v e l  and t ra-  
v e r s e s  t h e  l e n g t h  o f  t h e  g a n t r y .  A c o n t r o l  room and a n  o b s e r v a t i o n  room are 
l o c a t e d  i n  t h e  b u i l d i n g  a t  t h e  base o f  t h e  g a n t r y .  Along the  c e n t e r  l i n e  o f  
t h e  g a n t r y  a t  ground l e v e l  i s  a s t r i p  o f  r e i n f o r c e d  c o n c r e t e  122 m*(400 f t )  
l o n g ,  9.1 m (30 f t )  w i d e ,  and 0 .2  m (0 .67  f t )  t h i c k  which i s  used as t h e  impact 
s u r f a c e .  The impact  s u r f a c e  has  a pa in t ed  I-m ( 3 . 3 - f t )  g r i d  system f o r  photo- 
graphic  r e f e r e n c e ,  

The systems n e c e s s a r y  t o  meet t h e  h e l i c o p t e r  crash t e s t  r equ i r emen t s  are  
shown i n  f i g u r e  2. Swing cable p i v o t  p o i n t  p l a t f o r m s  l o c a t e d  a t  t h e  west end 
of t h e  g a n t r y  s u p p o r t  t h e  winches,  s h e a v e s ,  and p u l l e y  systems for  c o n t r o l l i n g  
t h e  l e n g t h  of the  swing cables. A p u l l b a c k  p l a t f o r m ,  a t t a c h e d ' t o  t h e  unde r s ide  
o f  t h e  movable carriage,  s u p p o r t s  a winch, sheave ,  and p u l l e y  system f o r  con- 
t r o l l i n g  t h e  l e n g t h  o f  t h e  p u l l b a c k  cable.  The swing and p u l l b a c k  cables attach 
t o  t h e  l i f t i n g  h a r n e s s  which s u p p o r t s  t h e  h e l i c o p t e r  from ground l i f t - o f f  t o  
release p o s i t i o n  d u r i n g  t e s t i n g ,  The h a r n e s s  was attached t o  special h e l i c o p t e r  
t r a n s m i s s i o n  mounting b o l t s  i n  bo th  t h e  forward and a f t  ends  o f  t h e  h e l i c o p t e r  
and t o  t he  swing and p u l l b a c k  cables shown i n  f i g u r e  3. The l e n g t h  o f  t h e  
cables i n  t h e  h a r n e s s  system was designed so  t h a t  t h e  h e l i c o p t e r  would have a 
12' nose-up p i t c h  a t t i t u d e  and 0' r o l l  and yaw a t t i t u d e  a t  impac t .  
n e s s  a l s o  con ta ined  a t u r n b u c k l e  i n  each o f  t h e  e i g h t  cables f o r  f i n e  a d j u s t -  
ment of t he  p i t c h ,  r o l l ,  and yaw a t t i t u d e s .  

The har- \ 

The cable release system f o r  t h e  h e l i c o p t e r  i s  shown i n  f i g u r e  4 .  The 
h a r n e s s  cable attached t o  t h e  p u l l b a c k  cable con ta ined  p y r o t e c h n i c a l l y  o p e r a t e d  
cable c u t t e r s .  The cable c u t t e r s  on t h e  forward p u l l b a c k  h a r n e s s  cables were 
l o c a t e d  a d j a c e n t  t o  t h e  rear swing h a r n e s s  cables t o  p reven t  cable i n t e r f e r e n c e  
d u r i n g  cable s e p a r a t i o n .  
connected t o  t he  h e l i c o p t e r  mounting b o l t s  by p y r o t e c h n i c  release n u t s .  The 
py ro techn ic  n u t s  were f i r e d  by a l a n y a r d  system ( f i g .  4 )  a d j u s t e d  t o  a c t i v a t e  
t h e  f i r i n g  c i r c u i t  a t  t h e  des i r ed  descen t  height  d u r i n g  t h e  t e s t ,  The system 
c o n s i s t e d  o f  a c o n t a c t  swi tch  t h a t  was a c t i v a t e d  by p u l l i n g  a p i n .  A 0.16-cm 

The h a r n e s s  p o i n t s  at tached t o  t h e  swing cables were 
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(0.0625-in.)  steel cable was attached to  t h e  p i n  and extended through a sheave 
system mounted t o  t h e  g a n t r y  a t  t h e  45.7-m (150- f t )  l e v e l .  A 2.27-kg (5- lb)  
mass attached t o  t h e  end of t h e  cable maintained t h e  cable system t a u t  as t h e  
h e l i c o p t e r  was be ing  raised and lowered. A s t o p  was attached t o  t h e  cable and 
was a d j u s t e d  t o  c o n t a c t  a b lock  a t  t h e  sheave-mounting f i x t u r e  when t h e  h e l i -  
c o p t e r  reached t h e  d e s i r e d  he igh t  f o r  swing cable s e p a r a t i o n .  

Two u m b i l i c a l  cables, used f o r  t r a n s m i t t i n g  data from t h e  helicopter t o  
t he  in s t rumen t  van and t o  the  c o n t r o l  room, e n t e r e d  t h e  h e l i c o p t e r  through t h e  
two windows ( f i g .  3 ) .  The u m b i l i c a l s  were draped t o  each s i d e  o f  t h e  h e l i c o p t e r  
t o  ma in ta in  symmetry and t o  keep them o u t  o f  t h e  r e a c t i o n  area o f  t h e  swing and 
p u l l b a c k  cable h a r n e s s  d u r i n g  cable s e p a r a t i o n .  Each u m b i l i c a l  con ta ined  a 
0.76-cm (0 .25 - in . )  s t ee l  cable t o  c a r r y  t h e  l o a d s  imposed on t h e  u m b i l i c a l s .  
The u m b i l i c a l s  remained attached t o  t h e  h e l i c o p t e r  d u r i n g  t h e  t e s t .  

E x t e r n a l  photographic  coverage o f  t h e  crash test  was provided by 14 cameras 
(a t  l o c a t i o n s  shown i n  f i g .  2 )  u s ing  f i l m  speeds o f  24, 400, and 2000 p i c t u r e s  
p e r  second. Two o f  t h e  cameras were l o c a t e d  on t o p  o f  t h e  g a n t r y .  Three scan- 
ning and three  f i x e d  cameras were l o c a t e d  a t  ground l e v e l  t o  view t h e  p o r t  s i d e  
o f  t h e  h e l i c o p t e r .  Two cameras were l o c a t e d  a t  each o f  three o t h e r  ground loca -  
t i o n s ;  forward,  s t a r b o a r d ,  and a f t  o f  t he  h e l i c o p t e r .  

TEST SPECIMEN 

The t es t  specimen ( f i g .  5 )  was a crash-damaged CH-476 h e l i c o p t e r  which had 
been repaired s o  t h a t  t he  basic s t r u c t u r e  and t h e  h igh  mass components were 
r e p r e s e n t a t i v e  o f  a f l i g h t w o r t h y  a i r c r a f t .  The v e h i c l e  was a twin - tu rb ine  
eng ine ,  tandem r o t o r  h e l i c o p t e r  designed f o r  t r a n s p o r t a t i o n  o f  c a r g o ,  t r o o p s ,  
and weapons. 

When i n  s e r v i c e ,  t h e  CH-47C h e l i c o p t e r  i s  powered by two t u r b o s h a f t  e n g i n e s  
mounted a f t  of t h e  f u s e l a g e .  The eng ines  s i m u l t a n e o u s l y  d r i v e  two tandem three- 
b laded  c o u n t e r - r o t a t i n g  r o t o r s  through a combining t r a n s m i s s i o n ,  d r i v e  s h a f t i n g ,  
and r e d u c t i o n  t r a n s m i s s i o n s .  The forward t r a n s m i s s i o n ,  t h e  combining t r ansmis -  
s i o n ,  and t h e  d r i v e  s h a f t  are  i n  t he  c a b i n  s e c t i o n  and t h e  a f t  pylon s e c t i o n .  
Drive s h a f t i n g  from t h e  combining t r a n s m i s s i o n  t o  t h e  forward t r a n s m i s s i o n  i s  
housed w i t h i n  a t u n n e l  a l o n g  t h e  t o p  o f  t h e  f u s e l a g e .  
on each s ide of the  f u s e l a g e .  The h e l i c o p t e r  is  equipped wi th  f o u r  n o n r e t r a c t -  
able l a n d i n g  gear. An e n t r a n c e  door  i s  l o c a t e d  a t  t he  forward s t a r b o a r d  s i d e  
of t h e  cargo compartment, A h y d r a u l i c a l l y  powered l o a d i n g  ramp i s  l o c a t e d  a t  
t h e  rear o f  t h e  ca rgo  compartment. 
is 20 865 kg (46 000 l b )  and the empty mass is 8674 kg (19  127 l b )  . 

F u e l  i s  carried i n  pods 

The maximum g r o s s  mass o f  t h e  h e l i c o p t e r  

During t e s t i n g ,  i r o n  b i l l e t s  were p laced  beneath f loor  p l a t e s  i n  t h e  fo r -  
ward c l o s e t  area,  and d r y  sand was used i n  the  a f t  a u x i l i a r y  f u e l  c e l l  pods t o  
o b t a i n  a r ea l i s t i c  f l i g h t  mass f o r  t h i s  test o f  10  145 kg (22  368 l b )  , and the  
mass d i s t r i b u t i o n  is shown i n  t h e  table i n  f i g u r e  6.  The c e n t e r  o f  g r a v i t y  
was l o c a t e d  a t  s t a t i o n  337.7. Onboard bat ter ies  were used t o  p rov ide  power t o  
t h e  l i g h t s ,  t h e  cameras, and the  py ro techn ic  d e v i c e s .  The v e h i c l e  a x e s  system 
is  shown i n  f i g u r e  7 ,  and t h e  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  o f  t h e  p o s i t i v e  
axes are cons ide red  p o s i t i v e .  

3 



The type  and l o c a t i o n  o f  the  v a r i o u s  concep tua l  energy-absorbing seats 
are shown i n  f i g u r e  7 .  A l l  seats were mounted on s teel  f l o o r  p l a t e s  w i t h  t h e  
excep t ion  o f  t h e  s i d e - f a c i n g  t r o o p  seat which was mounted d i r e c t l y  t o  t he  f l o o r  
s t r u c t u r e .  Anthropomorphic dummies were p laced  i n  n i n e  d i f f e r e n t  seats t o  mea- 
s u r e  r e a l i s t i c  f o r c e s  on the  seat s t r u c t u r e  d u r i n g  impact .  

To i l l u s t r a t e  t h e  t y p e  and scope o f  data r e c o r d e d ,  two seat l o c a t i o n s  on 
the h e l i c o p t e r  were chosen as t y p i c a l  seats and are d i s c u s s e d  i n  t h i s  s e c t i o n .  
The two seat l o c a t i o n s  (see f i g .  7 )  i n c l u d e  one energy-absorbing crew seat a t  
l o c a t i o n  C and an energy-absorbing t r o o p  seat  a t  l o c a t i o n  F , "  The instrumen- 
t a t i o n  inc luded  a c c e l e r o m e t e r s  l o c a t e d  on t h e  f l o o r ,  t h e  seat ,  and i n  t h e  
p e l v i c  r e g i o n  o f  a n  anthropomorphic dummy. 

The energy-absorbing crew seat shown i n  f i g u r e  8 i s  e s s e n t i a l l y  a s t a n d a r d  
armored seat bucket a t t a c h e d  t o  a frame designed t o  accommodate l o n g i t u d i n a l ,  
l a t e ra l ,  and v e r t i c a l  l o a d s  s imul t aneous ly .  The energy-absorbing seat  frame con- 
sists o f  a v e r t i c a l  t u b u l a r  gu ide  r a i l  mounted t o  t h e  f l o o r  through a u n i v e r s a l  
j o i n t  which p e r m i t s  t he  seat  frame t o  r o t a t e  i n  any h o r i z o n t a l  d i r e c t i o n .  The 
s l ider  ( t o  which t h e  seat bucket is attached and which encompasses t h e  t u b u l a r  
r a i l )  is free t o  s l i d e  up and down. 
t o  s t a b i l i z e  the  seat f o r  normal l o a d s  and t o  l i m i t  t h e  l o a d s  imposed d u r i n g  a 
crash s i t u a t i o n .  

Three t o r u s  wire ene rgy  a b s o r b e r s  are used 

The v e r t i c a l  ene rgy  abso rbe r  is  a t t a c h e d  t o  t he  t u b u l a r  ra i l  a t  one end 
and t h e  o t h e r  end is  attached t o  t h e  s l i d e r .  The l o n g i t u d i n a l  and l a t e ra l  
ene rgy  a b s o r b e r s  are a l s o  attached a t  one end t o  t h e  t u b u l a r  r a i l  and t o  a car- 
r iage.  The p l a n e s  o f  a l l  ene rgy  a b s o r b e r s  p a s s  through t h e  c e n t e r  l i n e  o f  t h e  
u n i v e r s a l  j o i n t  so  t h a t  a load  i n  the p l ane  o f  one a x i s  w i l l  n o t  induce l o a d s  
i n  a n  a b s o r b e r  mounted i n  a n o t h e r  a x i s ,  

The energy-absorbing t r o o p  seat  shown i n  f i g u r e  9 c o n s i s t s  of a c a n t i l e v e r  
seat  mounted on a t r u s s - t y p e  s u p p o r t  frame. The seat back and seat  pan are  con- 
s t r u c t e d  o f  t u b u l a r  frames covered wi th  fabr ic .  The seat is  attached t o  t h e  
c e i l i n g  by a compact wire whlch r u n s  through a r o l l e r  ene rgy  abso rbe r  which 
a t t e n u a t e s  t h e  v e r t i c a l  a c c e l e r a t i o n s .  The l o n g i t u d i n a l  a c c e l e r a t i o n s  are 
a t t e n u a t e d  by t h e  s t r u t s  at tached t o  t h e  f r o n t  o f  t h e  seat pan through free 
r o t a t i n g  b a l l - t y p e  a t t achmen t s .  The s t r u t s  extend d i a g o n a l l y  t o  t h e  free 
r o t a t i n g  quick-disconnect  f i t t i n g  a t  t h e  rear o f  t h e  seat .  The energy- 
abso rb ing  s t r u t s  f o r  t h i s  t e s t  c o n s i s t e d  o f  s t iff  wire connected i n t e r n a l l y  
t o  t h e  ends o f  t h e  t e l e s c o p i n g  t u b e s  and b e n t  a c r o s s  a r o l l e r .  T h i s  r o l l e r  
causes  t he  bend t o  move a l o n g  t h e  wire as t h e  t e l e s c o p i n g  t u b e s  s t r o k e .  The 
f o r c e  r e q u i r e d  t o  bend and s t r a i g h t e n  t h e  wire p r o v i d e s  t h e  l o n g i t u d i n a l  energy 
a b s o r p t i o n  fo r  t h e  sea t .  The la te ra l  a c c e l e r a t i o n s  on t h e  seat are a t t e n u a t e d  
by the  s t ee l  cables a t  bo th  t h e  f r o n t  and t h e  rear  o f  t h e  s ea t ,  The s teel  
cables extend d i a g o n a l l y  from t h e  seat t o  t h e  f l o o r .  

INSTRUMENTATION 

Onboard i n s t r u m e n t a t i o n  used t o  o b t a i n  data p e r t a i n i n g  t o  t he  dynamic 
behavior  o f  t h e  h e l i c o p t e r  s t r u c t u r e ,  major components, and v a r i o u s  s e a t i n g  
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sys tems inc luded  89 acce le romete r s ,  32 s t r a i n  gages, 6 d e f l e c t i o n  i n d i c a t o r s ,  
2 load  ce l l s ,  and 7 high-speed motion-picture  cameras. The d i f f e r e n t  t y p e s  of 
seats, the  arrangement o f  seats, and the  l o c a t i o n s  o f  acce le romete r s  are shown 
i n  f i g u r e  7. The data s i g n a l s  were t r a n s m i t t e d  through one umbilical t o  t h e  
c o n t r o l  room and ano the r  umbil ical  t o  an  in s t rumen t  van and were recorded on 
FM tape r e c o r d e r s .  To c o r r e l a t e  t he  data s i g n a l s  on t h e  FM r e c o r d e r s  and the  
e x t e r n a l  motion-picture  camera data, a time code from a n  I R I G - A  time code gen- 
e r a t o r  was recorded s imul t aneous ly  on t h e  magnet ic  t a p e  and on t h e  f i l m .  There 
was a l s o  a time code g e n e r a t o r  onboard the  h e l i c o p t e r  f o r  the  onboard cameras. 
Typ ica l  acce le romete r  mounts are shown i n  f i g u r e  10. The i n t e r i o r  l i g h t i n g  was 
provided by 70 flash bulbs  which were fired i n  two banks o f  35 flashes each. A 
t y p i c a l  mount o f  l i g h t s  wi th  t h e  a s s o c i a t e d  movlie cameras i s  shown i n  f i g u r e  1 1 .  
To o b t a i n  the  h o r i z o n t a l  v e l o c i t y  o f  the  h e l i c o p t e r  a t  impact ,  a Doppler radar 
u n i t  was placed on the  impact  s u r f a c e  approximately 61 m (200 f t )  a f t  o f  t he  
impact p o i n t ,  and t h e  s i g n a l  was recorded on one channel  o f  a n  FM tape r e c o r d e r .  

TEST PROCEDURE 

The p repa ra t ion  of  t h e  test  specimen inc luded  t h e  i n s t a l l a t i o n  o f  v a r i o u s  
t y p e s  of  seats, i n s t r u m e n t a t i o n ,  i n t e r i o r  l i g h t s ,  and masses f o r  t h e  proper  
drop weight and cen te r -o f -g rav i ty  (c.g.)  l o c a t i o n .  The second sequence o f  
e v e n t s  involved t h e  a t tachment  o f  t h e  l i f t i n g  h a r n e s s ,  i n s t rumen ta t ion  i n s t a l -  
l a t i o n  and checkout ,  f i l m  l oad ing ,  a t tachment  o f  t h e  ha rness  t o  t he  swing and 
pul lback  cables, and checkout  and i n s t a l l a t i o n  o f  t h e  pyro technics .  The f i n a l  
sequence was t o  l i f t  the  test  specimen t o  cable s e p a r a t i o n  p o s i t i o n ,  t o  i n s t a l l  
t h e  s t o p  on t h e  pyro technic  f i r i n g  l a n y a r d ,  and t o  l i f t  t he  specimen t o  t h e  
d e s i r e d  he ight  f o r  subsequent  release and the  f i n a l  pendulum swing i n t o  t h e  
impact area. 

With the except ion  of  t h e  f i r i n g  mechanism o f  t h e  pyro technic  d e v i c e s ,  t he  
l i f t i n g  h a r n e s s  ( f i g .  3) was assembled p r i o r  t o  i n s t a l l a t i o n  on the  tes t  speci- 
men. The in s t rumen ta t ion  was connected t o  t h e  u m b i l i c a l  cables and each channel  
was checked on an o s c i l l o s c o p e  f o r  proper  o p e r a t i o n .  The l i f t i n g  h a r n e s s  was 
attached t o  t h e  two swing cables and the  pu l lback  c a b l e .  R e s t r a i n t  l i n e s  were 
provided f o r  c o n t r o l l i n g  t h e  motion o f  these c a b l e s  af ter  s e p a r a t i o n .  The pyro- 
t e c h n i c  f i r i n g  dev ices  were i n s t a l l e d  and connected t o  t h e  release power cable 
and lanyard  f i r i n g  switch.  

The t e s t  specimen was l i f t e d  by t h e  two swing c a b l e s  and pu l lback  cable 
winches u n t i l  t h e  c e n t e r  o f  g r a v i t y  was raised t o  t h e  proper  l o n g i t u d i n a l  and ver- 
t i c a l  p o s i t i o n  ( f i g .  12). With t h e  t e s t  specimen i n  t h i s  p o s i t i o n ,  t h e  d i s t a n c e  
from t h e  p i v o t  p o i n t s  t o  t h e  c e n t e r  o f  g r a v i t y  a long  t h e  swing cables was 105 m 
(344 f t ) ,  t h e  r a d i u s  o f  t h e  arc which the  test  specimen would f o l l o w  i n  t he  
crash sequence. The t angen t  o f  t h e  arc a t  t h e  impact p o s i t i o n  was t h e  f l i g h t  
pa th  of -53'. The ang le  of  at tack was 65' or a nose-up a t t i t u d e  o f  12'. 
sti l l  and 16-mm motion p i c t u r e s  were taken  o f  the test  specimen i n  t h i s  pos i -  
t i o n  f o r  comparison w i t h  t h e  actual crash tes t  sequence.  The swing cables were 
locked i n  t h i s  p o s i t i o n ,  and t h e  test specimen was raised by t h e  pu l lback  c a b l e  
u n t i l  t he  c e n t e r  o f  g r a v i t y  o f  the tes t  specimen was a t  t h e  des i r ed  height  
( f i g .  13) of  15.7 m (51.4 f t ) .  Th i s  he igh t  was c a l c u l a t e d  t o  g i v e  a f l i g h t - p a t h  
v e l o c i t y  of  15.2 m/sec (50.0 f t /sec)  a t  impact .  When t h e  a f t  l and ing  gear was 
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raised approximate ly  0.3 m ( 1  f t )  above t h e  impact s u r f a c e ,  t he  l i f t i n g  sequence 
was ha l t ed  t o  i n s t a l l  t h e  f i r i n g  l anya rd  s t o p  which would i n i t i a t e  cable separa- 
t i o n  du r ing  the  c r a s h  sequence.  

The crash test sequence began when t h e  i n s t r u m e n t a t i o n  r eco rd ing  equipment 
was started manually approximate ly  30 sec p r i o r  t o  r e l e a s i n g  t h e  test  specimen. 
The release o f  the  test  specimen was i n i t i a t e d  i n  t h e  c o n t r o l  room by a push 
switch which c losed  r e l a y s  and s e n t  s i g n a l s  from t h e  pyro technic  power supp ly  
t o  t h e  g u i l l o t i n e  cable c u t t e r s  i n  t he  pu l lback  ha rness .  A second and t h i r d  
r e l a y  i n i t i a t e d  e x t e r n a l  and i n t e r n a l  camera coverage .  A l anya rd  system f o r  t he  
i n t e r n a l  f l i g h t  programer i n i t i a t e d  t h e  l i g h t  sequence after approximate ly  1 sec 
of  free f a l l  time. When t h e  tes t  specimen dropped t o  where the  l and ing  gear was 
approximately 0.3 m ( 1  f t )  above t h e  impact s u r f a c e ,  t h e  l anya rd  was p u l l e d  t o  
f i re  the  swing cable ha rness  py ro techn ics ,  which sepa ra t ed  a l l  ha rness  cables 
from t h e  t e s t  specimen and p e r m i t t e d  free f l i g h t  t o  time o f  impact .  The desired 
tes t  parameters  are g iven  i n  table I. 

TEST RESULTS AND DISCUSSION 

A sequence of  photographs taken  a t  0.05-see i n t e r v a l s  showing t h e  free 
f a l l ,  impact ,  and a p o r t i o n  o f  t he  s l i d e  ou t  are p resen ted  i n  f i g u r e  14. The 
t h i r d  photograph i n  t h e  sequence shows t h e  h e l i c o p t e r  i n  free f l i g h t ,  j u s t  p r i o r  
t o  c o n t a c t ,  after the  swing cable ha rness  has been s e p a r a t e d  from the  h e l i c o p t e r .  
The subsequent  downward p i t c h i n g  o f  t he  nose af ter  impact  causes  t h e  forward 
l and ing  gear t o  make c o n t a c t  approximately 0.10 see later ( f i f t h  photograph) .  
Nose c o n t a c t  was made 0.25 sec after impact ,  as shown i n  the e igh th  photograph. 
The remaining sequence o f  photographs shows the c rush ing  o f  t h e  nose s e c t i o n  and 
t h e  rebound of the f u s e l a g e  s t r u c t u r e  forward o f  the  l and ing  gear. 

S t r u c t u r a l  Test Data 

Typica l  s t r u c t u r a l  acce le rometer  time h i s t o r i e s  are shown i n  f i g u r e  15 f o r  
two l o c a t i o n s  nea r  t h e  c e n t e r  l i n e  o f  t he  f l o o r  p l a t e s  of the h e l i c o p t e r .  These 
l o c a t i o n s  are r e p r e s e n t a t i v e  o f  s t r u c t u r a l  areas o f  t he  h e l i c o p t e r  expe r i enc ing  
maximum o r  n e a r  maximum a c c e l e r a t i o n s  d u r i n g  impact .  

Vertical time h i s t o r i e s . -  F igu re  15 (a )  shows t h e  v e r t i c a l  a c c e l e r a t i o n s  of  
the  acce le romete r  mounted a t  s t a t i o n  479 ( f i g .  7) .  This  trace i n d i c a t e s  a maxi- 
mum a c c e l e r a t i o n  of  -180g as the a f t  s e c t i o n  o f  t h e  h e l i c o p t e r  begins  t o  c rush  
and the  forward l and ing  gear makes c o n t a c t .  
mate ly  -lOg i n d i c a t e  i n i t i a l  ground c o n t a c t .  By the  time t h e  a i rcraf t  reaches 
primary impact ( -180g) ,  t h e  a f t  l and ing  t i r e s  r u p t u r e ;  t h i s  t i r e  r u p t u r e  i s  f o l -  
lowed by the breakaway o f  t he  landing-gear  suppor t  s t r u c t u r e .  The l a s t  p o r t i o n  
o f  the  curve  shows t h e  a c c e l e r a t i o n s  as the  h e l i c o p t e r  c o n t i n u e s  t o  p i t c h  down 
and i n d i c a t e s  approximate ly  -6Og; t he  a c c e l e r a t i o n  then  decreases t o  nea r  Og 
after secondary (nose )  impact .  The smooth, l e a s t - s q u a r e s  f i t  data ( f i g .  1 5 ( a ) ) ,  
produced from an averaging  of  t he  raw data, i n d i c a t e  a c c e l e r a t i o n  r e a d i n g s  of 
approximately 50 p e r c e n t  o f  t he  raw data. 

The i n i t i a l  r e a d i n g s  o f  approxi-  
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F i g u r e  15 (b )  shows t h e  v e r t i c a l  a c c e l e r a t i o n  data from an acce lerometer  
mounted i n  t h e  c o c k p i t  p o r t i o n  o f  t he  h e l i c o p t e r  on the  f l o o r  n e a r  t h e  c e n t e r  
l i n e  a t  s t a t i o n  82. The a c c e l e r a t i o n s  a t  t h i s  p o i n t  show -2Og dur ing  t h e  c rush-  
i n g  o f  the a f t  s e c t i o n  (pr imary  impact); t h e n  t h e  a c c e l e r a t i o n s  i n c r e a s e  t o  a 
peak of approximate ly  -11Og as the  nose s e c t i o n  slaps i n t o  the  pavement. 

T h i s  t r a n s m i t t a l  o f  i n i t i a l  f o r c e  throughout  t he  h e l i c o p t e r  decreases as 
p o r t i o n s  of  the  s t r u c t u r e  are detached and crushed ,  t h u s  demonst ra t ing  t h a t  some 
of  the impact energy i s  d i s s i p a t e d  as the  s t r u c t u r e  deforms. T h i s  detachment 
and c rush ing  of  the s t r u c t u r e  are most e v i d e n t  a t  t h e  time o f  h ighes t  accelera- 
t i o n s  i n  t h e  c o c k p i t  area because a t  t h i s  time t h e  a f t  acce le romete r  is  read ing  
almost  Og. The rebounding,  caused by the  fulcrum effect  a t  t h e  nose s e c t i o n ,  
con t inues  w i t h  s e v e r a l  d e c r e a s i n g  peaks a f t e r  the  secondary impact has  occurred .  

Longi tudina l  time h i s t o r i e s . -  The l o n g i t u d i n a l  a c c e l e r a t i o n s  i n  t h e  a f t  
s e c t i o n  ( f i g .  1 5 ( c ) )  were t h e  h ighes t  when the  a f t  s e c t i o n  f r a c t u r e d  a t  the  
c a b i n  i n t e r f a c e  ( f i g .  14 ,  frame 8 ) .  Acce le ra t ions  of  about  40g were recorded .  

Lateral time h i s t o r i e s . -  F igure  1 5 ( d )  shows t h e  effects o f  r o l l  and mass 
d i s t r i b u t i o n  as t h e  lateral  a c c e l e r a t i o n s  o s c i l l a t e  about  a p o s i t i v e  va lue  
rather than  ze ro .  The l a t e ra l  time h i s t o r i e s  i n d i c a t e  a maximum a c c e l e r a t i o n  
of approximately 40g. 

S t r u c t u r a l  Damage and Assessment 

The 
face. A 
shown by 

s t a r b o a r d  a f t  l and ing  gea r  made t h e  first c o n t a c t  w i t h  t h e  impact s u r -  
s l i g h t  roll was caused by t h e  inc reased  mass on t h e  s t a r b o a r d  s i d e  as 
t h e  mass d i s t r i b u t i o n  i n  f i g u r e  6 .  A s  impact p rogres sed ,  t h e  a f t  pylon 

crushed the  a f t  cab in  s e c t i o n  and i n t r u d e d  i n t o  t h e  a f t  c a b i n  s e c t i o n  approxi -  
mately 1 m (3.3 f t ) ,  as i n d i c a t e d  i n  f i g u r e  16. I n  a d d i t i o n ,  t h e  r e l a t i v e  
upward movement o f  the  rear c a b i n  f l o o r  i n  r e sponse  t o  t h e  r i g i d  impac t  s u r f a c e ,  
coupled wi th  t h e  downward movement o f  the  pylon s e c t i o n ,  comple te ly  c losed  the  
a f t  end of t h e  h e l i c o p t e r  ( f i g .  1 6 ( a ) ) .  The asymmetr ical  c rush ing  and s t a r b o a r d  
list of t h e  v e r t i c a l  s e c t i o n s  i n d i c a t e  aga in  t h e  effect  o f  r o l l  and mass asym- 
metry.: F igu res  16(b)  and 1 6 ( c )  are c loseup  photographs o f  t h e  s e c t i o n  a t  the  
s t a r b o a r d  s i d e  and t h e  p o r t  s i d e  a f t  l and ing  gear,  r e s p e c t i v e l y .  It is  e v i d e n t  
t h a t  t h e  impact caused both  rear landing-gear  t i r e s  t o  r u p t u r e  and t h e  landing-  
gear suppor t  s t r u c t u r e  t o  c o l l a p s e .  The cab in  s e c t i o n  ( f i g .  17)  was t o r n  by 
both  eng ines ,  and these large concen t r a t ed  masses produced a s h e a r i n g  f a i lu re  of 
the a f t  s e c t i o n  of  the  h e l i c o p t e r .  The i n t e r i o r  view o f  t h e  cab in  s e c t i o n ,  
looking  a f t  ( f i g .  1 6 ( d ) ) ,  a l s o  i n d i c a t e s  t h e  combined e f fec t  o f  a r o l l  a t t i t u d e  
and t h e  upward and downward f o r c e s  app l i ed  du r ing  impact .  The two p o s t s  shown 
are d e f l e c t i o n  i n d i c a t o r s  and d i d  n o t  c o n t r i b u t e  t o  t h e  s t r u c t u r a l  suppor t  of 
t h e  h e l i c o p t e r :  the p o s t s  i n d i c a t e d  a c l o s u r e  o f  approximate ly  0.75 m (29.5 i n . )  
on t h e  s t a r b o a r d  s i d e  and 0.48 m (18.75 i n . )  on t h e  p o r t  s i d e .  The h e l i c o p t e r  
cont inued t o  p i t c h  downward du r ing  impact,  and t h e  effects of  t he  forward l and ing  
gear on the  forward c a b i n  s e c t i o n  are shown i n  f i g u r e  18. The forward l and ing  
gear maintained i ts  i n t e g r i t y  ( f i g s .  18(a) and 18 (b ) )  and acted as a fulcrum f o r  
t h e  fuse l age ;  t h i s  c o n d i t i o n  caused t h e  f l o o r  o f  t h e  c a b i n  s e c t i o n  t o  be pushed 
upward as the nose made c o n t a c t .  The r e l a t i v e  upward movement o f  t h e  cab in  f l o o r  
s e c t i o n  i n  t h e  v i c i n i t y  o f  t h e  l and ing  g e a r  was approximate ly  0.68 m (2 f t ) .  An 
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i n t e r i o r  view of  t h i s  area looking  forward i n  t h e  c a b i n  s e c t i o n  is  shown i n  fig- 
u re  18(c). Again, t h e  two p o s t s  shown are d e f l e c t i o n  i n d i c a t o r s  and are n o t  a 
p a r t  o f  the suppor t  s t r u c t u r e .  
approximately 0.23 m ( 9  i n . )  on both  t h e  s t a r b o a r d  and t h e  p o r t  s i d e .  
of the  same area looking  a f t  ( f i g .  18 (d ) )  shows t h e  shear s e p a r a t i o n  of t h e  
s t i f f e n e d  c e n t e r  f l o o r  s e c t i o n s .  The p i v o t i n g  o f  t h e  nose s e c t i o n  about  the  
forward l and ing  gear induced buckl ing  o f  t h e  bulkheads on both sides o f  t he  
f u s e l a g e  ( f i g .  1 8 ( c ) )  about  midway between t h e  f l o o r  and c e i l i n g .  

The p o s t s  recorded  a c l o s u r e  o f  t he  f u s e l a g e  o f  
A view 

The cockp i t  area shown i n  figure 19 was n o t  h e a v i l y  damaged and maintained 
its l i v a b l e  volume. 
and t o  t h e  large amount o f  energy  d i s s i p a t e d  i n  t h e  c rush ing  of t h e  a f t  f u s e l a g e  
and i n  the  f u s e l a g e  s e c t i o n  over  t h e  forward l a n d i n g  gear. I n  f i g u r e s  19 (a )  
and 1 9 ( b ) ,  a v e r t i c a l  buckle  can be seen  i n  t h e  s k i n  over  the  cab in  door ,  and a 
l o n g i t u d i n a l  buckle  can be  seen  a t  t h e  midpoint  o f  t he  c o c k p i t .  The windshie lds  
were removed p r i o r  t o  t e s t i n g ,  bu t  both "chin bubble" windows broke on nose con- 
t ac t .  
a downward and forward movement commonly referred t o  as llsubmariningll because 
t h e  p i l o t  d i d  n o t  have a l a p  b e l t  t iedown s t rap.  
( f ig s .  1 9 ( c )  and 1 9 ( d ) )  o f  t h e  f l o o r  s e c t i o n  benea th  t h e  p i l o t  and c o p i l o t  i n d i -  
cates a clockwise t w i s t i n g  moment. The f l o o r  area benea th  t h e  c o p i l o t  i s  l i f t e d  
upward whi le  t h e  f l o o r  area under the p i l o t  shows t h a t  a compressive downward 
f o r c e  has been a p p l i e d .  

T h i s  lack o f  damage can be a t t r i b u t e d  t o  t h e  crash a t t i t u d e ,  

The p i l o t  and c o p i l o t  remained i n  t h e i r  seats, b u t  t h e  p i l o t  exper ienced  

The s t r u c t u r a l  deformi ty  

Represen ta t ive  photographs showing t h e  d i f f e r e n t  t ypes  o f  f u s e l a g e  damage 
t h a t  occur red  d u r i n g  t h e  t e s t  are p resen ted  i n  f i g u r e  20. The s h e a r i n g  of 
r i v e t s  and t h e  t e a r i n g  of s k i n  and bulkhead s e c t i o n s  o f  t h e  cab in  s e c t i o n  i n  
t h e  v i c i n i t y  o f  t h e  a f t  l a n d i n g  gear are  shown i n  f igures 2 0 ( a )  and 2 0 ( b ) .  
(Black mass i n  photograph is p las t ic  cover ing  used f o r  weather p r o t e c t i o n . )  
Other s t r u c t u r a l  damage can be seen  i n  f i g u r e  1 6 ( d ) ,  where the  c a b i n  s e c t i o n  
has separated; t h e  bulkhead h a s  sheared; and t h e  c e i l i n g  plates  are b e n t ,  t o r n ,  
and buckled.  F igure  2 0 ( c )  shows t h e  s t a r b o a r d  s i d e ,  l ook ing  a f t ,  where t h e  
f l o o r  plates meet t h e  cab in  wall over  the  forward l and ing  g e a r .  The heavy 
mounting p l a t e  used t o  hold a bank o f  l i g h t s  ( f i g .  11) remained a t t a c h e d  t o  t he  
f l o o r ;  however, there was some t e a r i n g  and bending o f  t h i s  p l a t e  due t o  t h e  
r e l a t i v e  upward movement o f  t he  forward l a n d i n g  gear. Most o f  t h e  damage i n  
t h i s  area occurred  under the  f l o o r  p l a t e  and is  no t  e v i d e n t  from t h e  photograph.  
I n  s p i t e  o f  t h i s  f l o o r  damage, a l l  seats remained a t t a c h e d  t o  t h e  primary s t r u c -  
t u r e  throughout  t h e  crash sequence.  F igure  20 (d )  i s  a view looking  a f t  a t  t h e  
p o r t  side where t h e  f l o o r  attaches t o  t h e  s idewa l l .  Here a g a i n ,  most o f  t h e  
major damage occur s  nea r  or  below t h e  f l o o r  area. I n  t h i s  photograph and i n  
f i g u r e  1 8 ( d ) ,  t h e  f l o o r  s t i f f e n e r s  are shown t o  have been sheared by t h e  p ivot -  
i n g  a c t i o n  about  t h e  forward l and ing  gear. 

The onboard mot ion-p ic ture  cameras recorded  t h e  i n i t i a l  impact ;  however, 
because of  t h e  i m p a c t ,  t he  f i v e  cameras i n s i d e  the cab in  d i d  no t  r e c e i v e  s u f f i -  
c i e n t  l i g h t  f o r  c o n t i n u i n g  coverage o f  t he  crash sequence. The two cameras 
mounted o u t s i d e  t h e  c o c k p i t  ( f i g .  1 9 ( b ) )  d i d  f i l m  the  p i l o t  and c o p i l o t  and 
d i d  r eco rd  t h e  complete sequence.  
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Crew-Seat Test Data 

The energy-absorbing crew seat was undamaged d u r i n g  the  s imula t ed  c r a s h  
tes t .  However, the  t e l e s c o p i n g  tube  t o r u s  wire-type v e r t i c a l  abso rbe r  failed 
t o  func t ion  du r ing  impact ,  and t h e  seat  d i d  n o t  s t r o k e .  A p o s t - t e n s i l e  test  
of the absorber  r evea led  t h a t  the  load  r equ i r ed  f o r  s t r o k i n g  was, i n  r e a l i t y ,  
over  two times the  preset s t r o k i n g  load .  Because o f  t he  open-ended t u b e s ,  t h e  
t o r u s  wire-type energy a b s o r b e r s  were s u s c e p t i b l e  t o  contaminat ion  by envi ron-  
mental  f a c t o r s .  I n  t h e  newer t o r u s  wire t u b e s ,  e f f o r t s  have been made t o  remedy 
t h i s  environmental  hazard by c o a t i n g  the i n n e r  wall o f  t h e  t u b e ,  by sur rounding  
the  wire r o l l e r  i n  a v i scous  f l u i d ,  and by s e a l i n g  the  ends o f  t h e  tube .  

Vertical time h i s t o r i e s . -  Typica l  acce le romete r  time h i s t o r i e s  f o r  t he  
energy-absorbing crew seat are shown i n  f i g u r e  21. F igu res  2 1 ( a )  and 21(b)  
show data taken  from acce le romete r s  mounted on the  seat back a t  approximate ly  
t h e  same v e r t i c a l  he igh t  (see f i g .  I O ) ,  whereas f i g u r e  2 1 ( c )  shows data taken  
from the acce lerometer  mounted on the  seat f l o o r  plate .  The t o p  trace i n  each 
f i g u r e  i s  a l e a s t - s q u a r e s  fit  (smooth cu rve )  of  t h e  raw data. The second trace 
shows the  smooth curve superimposed on t h e  raw d a t a .  The smooth curves  
( f i g .  21) show t h a t  t he  seat  acce le romete r s  i n d i c a t e  a r ead ing  o f  -5Og on p r i -  
mary impact and approximate ly  -4Og on secondary impact .  I n  comparison, t h e  
f l o o r  acce lerometer  i n d i c a t e d  only  -25g on pr imary impact  and -3Og on secondary 
impact , 

Longi tudina l  time h i s t o r i e s . -  The l o n g i t u d i n a l  a c c e l e r a t i o n  time h i s t o r i e s  
from the  energy-absorbing crew seat and i t s  mounting f l o o r  p la te  are shown i n  
f i g u r e  22. The smooth curve  f o r  t h e  seat acce le romete r  i n d i c a t e s  a n  i n i t i a l  
a c c e l e r a t i o n  of k12g and -24g f o r  secondary impact .  The smooth curve f o r  t he  
f l o o r  p la te  acce lerometer  i n d i c a t e s  a maximum of  k32g f o r  pr imary impact fo l -  
lowed by a +40g for secondary impact.  The data i n d i c a t e  t h a t  the  seat r ece ived  
approximately 38 pe rcen t  of  t he  l o n g i t u d i n a l  a c c e l e r a t i o n s  recorded by t h e  
f l o o r  plate  acce lerometer  a t  pr imary impact  and 60 pe rcen t  a t  secondary impact. 
Although t h e r e  was no s t r o k i n g  o f  t h e  energy a b s o r b e r s ,  t h e  e l a s t i c i t y  o f  t h e  
clamping mechanism of  t h e  s l i d e r  t o  t h e  v e r t i c a l  gu ide  r a i l  d i d  a t t e n u a t e  some 
of  t h e  a c c e l e r a t i o n  i n p u t .  The re fo re ,  t h e  energy-absorbing crew seat expe r i -  
enced some degree of  a c c e l e r a t i o n  a t t e n u a t i o n  i n  t he  l o n g i t u d i n a l  d i r e c t i o n ,  
b u t  no t  through t h e  designed energy-absorbing mechanism. 

Troop-Seat Test Data 

Vertical time h i s t o r i e s . -  The acce le romete r  time h i s t o r i e s  from accelerom- 

The 
eters l o c a t e d  i n  t h e  p e l v i c  r eg ion  of  t he  anthropomorphic dummy i n  t h e  t roop  
seat and on t h e  f l o o r  plate  beneath t h e  t r o o p  seat are shown i n  f i g u r e  23. 
l o c a t i o n  of  t he  t roop  seat ( f i g .  7 )  was such t h a t  t h e  impact f o r c e s  are s i g n i f i -  
c a n t  on ly  f o r  t h e  primary impact and n o t  f o r  t h e  secondary impact .  The c rush ing  
o f  the  h e l i c o p t e r  s t r u c t u r e  d i s s i p a t e d  some o f  t h e  energy between primary and 
secondary impact,  and t h e  acce le romete r  t r a c e s  i n d i c a t e  on ly  minute  accelera- 
t i o n s  dur ing  secondary impact .  These minute a c c e l e r a t i o n s  are no t  cons idered  i n  
t he  d i s c u s s i o n  of these traces. 
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Tae v e r t i c a l  acce le romete r  t r a c e  i n  the dummy ( f i g .  2 3 ( a ) )  i n d i c a t e s  a max- 
imum a c c e l e r a t i o n  of -28g f o r  t h e  smooth curve .  
f l o o r  acce le romete r s  ( f i g s .  23 (b )  and 2 3 ( c ) )  i n d i c a t e s  -7Og f o r  t he  accelerom- 
e ter  mounted on t h e  c e n t e r  l i n e  o f  t h e  p la te  and -8Og f o r  t h e  one s l i g h t l y  o f f  
t h e  c e n t e r  l i n e .  The smooth curve  data show t h a t  the  dummy rece ived  about  
40 pe rcen t  o f  t h e  f o r c e s  exper ienced  by t h e  f l o o r .  

The smooth curve  f o r  t h e  two 

Lonp i tud ina l  time h i s t o r i e s , -  The l o n g i t u d i n a l  time h i s t o r i e s  f o r  t h e  
acce le romete r s  mounted i n  t h e  dummy and on t h e  t roop- sea t  mounting plate  are 
shown i n  f i g u r e  24. The smooth curve i n d i c a t e s  t h a t  t h e  dummy had an  accelera- 
t i o n  of  8g whereas t h e  seat mounting p l a t e  had a n  a c c e l e r a t i o n  o f  approximately 
-24g. The traces show t h a t  there was a r e d u c t i o n  o f  a c c e l e r a t i o n  o f  66 percent  
between t h e  f l o o r  p l a t e  and t h e  dummy f o r  t h e  l o n g i t u d i n a l  a c c e l e r a t i o n s .  

Lateral time h i s t o r i e s . -  The l a t e ra l  f o r c e s ,  shown i n  f i g u r e  25, i n d i c a t e  
an i n c r e a s e  of  33 pe rcen t  i n  t h e  dummy la teral  a c c e l e r a t i o n s  over  t h e  accelera- 
t i o n s  of t he  f l o o r  p l a t e .  The smooth cu rves  show +40g i n  t h e  dummy and +30g i n  
the  f l o o r  plate .  The la teral  traces i n d i c a t e  t h a t  no la teral  a c c e l e r a t i o n  
a t t e n u a t i o n  occurs  i n  t h e  seat as t h e  seat i s  deflected v e r t i c a l l y  and 
l o n g i t u d i n a l l y .  

CONCLUSIONS 

A CH-47C h e l i c o p t e r  was s u c c e s s f u l l y  crash tested a t  t h e  Langley impact 
dynamics r e sea rch  f a c i l i t y .  The impact v e l o c i t i e s  (12.19 m/sec (40.0 f t / s e c )  
v e r t i c a l ,  9.14 m/sec (30 f t / sec)  h o r i z o n t a l ,  and 15.24 m/sec (50 f t / s ec )  f l i g h t  
p a t h )  s imula ted  a c t u a l  c r a s h  c o n d i t i o n s  and were r e p r e s e n t a t i v e  o f  t h e  95th- 
p e r c e n t i l e  a c c i d e n t  environment.  Photographic  coverage o f  t h e  crash tes t  was 
provided by 14 e x t e r n a l  cameras and 7 i n t e r n a l  cameras. 
inc luded  89 acce le romete r s ,  32 s t r a i n  gages, 6 ex tensometers ,  and 2 load  ce l l s .  
A l l  data s i g n a l s  were recorded on tape and appear  t o  be well def ined  through 
secondary impact.  There were f a i l u r e s  i n  two e x t e r n a l  cameras cove r ing  t h e  
s t a r b o a r d  s i d e  of  the  h e l i c o p t e r ,  Some conc lus ions  reached from t h e  t e s t  
r e s u l t s  are: 

Onboard in s t rumen ta t ion  

1 .  Visua l  obse rva t ion  of  t h e  h e l i c o p t e r  after crash t e s t i n g  i n d i c a t e s  
s e v e r e  s t r u c t u r a l  damage i n  t h e  form o f  buck l ing ,  t e a r i n g ,  and s h e a r i n g  o f  t he  
cab in  s t r u c t u r e .  Because the  rear e x i t  was c losed  when t h e  engines  pene t r a t ed  
t h e  cab in  area, personnel  could  n o t  l e a v e  by t h e  rear e x i t .  

2. The highest  a c c e l e r a t i o n s  on t h e  s t r u c t u r e  occurred  a t  p r imary  impact 
and were recorded by t h e  acce le romete r s  l o c a t e d  on t h e  a f t  p o r t i o n  o f  t h e  c a b i n  
f loor  d i r e c t l y  above t h e  p o i n t  o f  impact .  
v e r t i c a l ,  40g l o n g i t u d i n a l ,  and 40g lateral  and las ted about  10 msec. 

These a c c e l e r a t i o n s  measured 180g 

3. The p i t c h  r o t a t i o n  o f  t h e  h e l i c o p t e r  and subsequent  secondary impact of  
t he  c o c k p i t  produced a c c e l e r a t i o n s  i n  t h e  c o c k p i t  as h igh  as 70 pe rcen t  o f  t h e  
primary s t r u c t u r e  a c c e l e r a t i o n s .  

4 .  A l l  seats remained attached t o  t he  pr imary s t r u c t u r e  throughout  t h e  
crash sequence. 
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5. There was no a c c e l e r a t i o n  a t t e n u a t i o n  i n  t h e  v e r t i c a l  d i r e c t i o n  f o r  t he  
exper imenta l  energy-absorbing crew seat.  

6.  The crew seat d i d  a t t e n u a t e  some o f  t h e  f l o o r  a c c e l e r a t i o n s  i n  t h e  lon-  
g i t u d i n a l  d i r e c t i o n  because t h e  seat l e g  clamping mechanism y i e l d e d .  

7 .  The des ign  of t h e  energy-absorbing t roop  seat shows good a c c e l e r a t i o n  
a t t e n u a t i o n  i n  t he  v e r t i c a l  and l o n g i t u d i n a l  d i r e c t i o n .  

Langley Research Center 
Na t iona l  Aeronaut ics  and Space Adminis t ra t ion  
Hampton, V A  23665 
October 4, 1976 
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TABLE I.- CRASH TEST PARAMETERS 

Test parameter  

F l i g h t  p a t h .  deg . . . . . . . . . .  .. . . .  
F r e e  f l i g h t  time. sec . . . . . . . . . . .  
Angle o f  a t t a c k .  deg . . . . . . . . . . . .  
P i t c h  a n g l e .  deg . . . . . . . . . . . . . .  
Yaw a n g l e .  deg . . . . . . . . . . . . . .  
R o l l  angle. deg . . . . . . . . . . . . . .  
F l i g h t - p a t h  v e l o c i t y .  m/sec ( f t / s e c )  . . . .  
Vertical v e l o c i t y .  m/sec ( f t / s e c )  . . . . .  
H o r i z o n t a l  v e l o c i t y .  m/sec ( f t / s e c )  . . . .  

Planned 

-53 . 0 
0.02 

65 
12 

0.0 
0.0 

15.2 (50.0) 
12.2 (40.0)  
9.1 ( 3 0 . 0 )  

Actual  

-53 - 0  
0.02 

63 
10 

0.0 
1.0 

15.0 (49.4)  
12.0 (39.4) 
9 .1  (29.7)  
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Standard Experimental Experimental Experimental Cargo tiedown 
unarmored armored side facing troop seat crash loads 
crew seat crew seat troop seat package 

Experimental seat locations 

Experimental seats with dummy 

Triaxial accelerometer in dummy 
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Triaxial accelerometer on seat 
Vertical accelerometer on floor 
Vertical accelerometer on seat 

Deflection indicator 

Strain gage 
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Figure 7.- Interior seat and accelerometer layout. 
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Figure 8.- Energy-absorbing crew seat in location C. 
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L-76-267 
Figure 9.- Energy-absorbing t roop  seat in location F, .  
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Figure 11.- Interior motion picture and lighting system. 
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L-75-2686.1 
Figure  14.- Sequence of  photographs t aken  a t  0.05-sec i n t e r v a l s  d u r i n g  t e s t i n g .  
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( a )  V e r t i c a l  a c c e l e r a t i o n s  a t  s t a t i o n  479. 
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(b) V e r t i c a l  a c c e l e r a t i o n s  a t  s t a t i o n  82. 
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( c )  Long i tud ina l  a c c e l e r a t i o n s  a t  s t a t i o n  479. 
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Time kec)  

( d )  Lateral a c c e l e r a t i o n s  a t  s t a t i o n  479. 

Figure 15.- S t r u c t u r a l  a c c e l e r a t i o n  time h i s t o r i e s  fo r  acce le romete r s  mounted 
on c a b i n  f l o o r  a t  s t a t i o n s  479 and 82. 
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Figure 17.- Effect of large concentrated mass during impact. 
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